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Abstract
Background: There is increasing research exploring how different diverse and intersecting
identities based on race, gender, ability/disability, sexual orientation, and age interact with space
to influence an individual’s inclusiveness and comfort in a space. This is particularly salient in the
context of COVID-19 which has shown large health inequities and increased risk for certain
vulnerable subgroups (e.g., older individuals, individuals of color).
Objective: To assess end users’ perception of COVID-19 safety in the built environment of
museums.
Methods: A cross-sectional study design was used. An electronic survey was distributed between
January and February 2021. Repeated measures ANOVA, multivariate Poisson regression, and
multivariate generalized estimation equations were applied to analyze survey results. Openended survey questions were additionally coded and analyzed.
Results: Concerns of physical distancing and physical touch were significantly different between
seven spaces within the Museum. Spaces of greatest concern for physical distancing and physical
touch were the panorama exhibit and the bathrooms, respectively. Demographic characteristics,
COVID-19 worry, COVID-19 knowledge, and COVID-19 diagnosis were not associated with
respondents’ return to the Museum post-COVID-19 reopening. COVID-19 worry was significantly
associated with concerns of physical distancing and physical touch.
Conclusion: In a COVID-19 and post-COVID-19 world, there is evidence of a growing importance
of the built environment and its role within public health. As such, it is vital to understand user
perception at the intersection of architecture and public health.
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Background
The built environment can be defined as “the collection of environments that humans
have constructed, including buildings, cars, road, public transport, and other human-built spaces”
(Dietz et al., 2020). Connections between the built environment and public health go back to the
19th century, beginning with the Industrial Revolution and urbanization. Officials drew
connections between infectious diseases, like typhoid fever and cholera, and environmental
conditions, such as densely populated areas, residential areas located next to factories, and poor
living and working conditions (Corburn, 2004; Perdue et al., 2003). In the early 20th century, the
hygienist agenda emerged with architecture’s “modernism” approach to design (Pinter-Wollman
et al., 2018). Architects began to consider lighting, thermal comfort, acoustics, and indoor air
quality; these were all aspects that “measured and controlled for effects on the nervous,
immune, and endocrine systems” (Pinter-Wollman et al., 2018). The societal results included the
elimination of Victorian furnishings like draperies, carpets, and ornaments, replaced with items
like porcelain, tile, and linoleum, which allowed for the easy identification of dust and dirt. Access
to sunlight and fresh dry air was prioritized, and modernist design began to introduce large
windows, balconies, flat surfaces and white paint – offering the appearance of cleanliness.
Meanwhile, germ theory emerged, with public health officials focusing on microbes, the micro
level agents of infectious diseases (Corburn, 2004; Perdue et al., 2003). The mid-20th century saw
divergence from the intersection of the built environment and public health. Public health
officials began studying and focusing on the individual: risk factors, behaviors, and the biomedical
model of disease (Corburn, 2004; Perdue et al., 2003). At the same time, urban planning began
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to focus more on the aesthetics and economics of the built environment over the health
implications (Corburn, 2004; Perdue et al., 2003).
As we move into a COVID-19 era, we are seeing these two fields merge together again to
understand the role that the environment plays on the spread and containment of infectious
diseases. It is estimated that individuals spend up to 90% of their day within the built
environment (Dietz et al., 2020). Because of the built environment’s omnipresence, it is vital to
understand its implications on COVID-19. Research has shown that architectural design, use
patterns, and human occupancy influence the microbial diversity of a building (Kembel et al.,
2014). Additionally, case studies, such as the Princess Diamond Cruise Ships, have indicated that
COVID-19 has a higher transmissibility in contained spaces, which further points to the
importance of individual proximity and spatial design features (Dietz et al., 2020; Mizumoto &
Chowell, 2020). The Centers for Disease Control and Prevention (CDC), the World Health
Organization (WHO), and the Occupational Safety and Health Administration (OHSA) have
offered guidance for both individuals and businesses to prevent the spread of COVID-19. The
recommendations are two-fold: individual-level behaviors and changes to the physical
environment. Behavioral recommendations in confined spaces include masks and frequent
handwashing, which have both been shown to reduce infectious disease transmission (Allison,
2010; Arbogast, 2016; CDC, 2018; OSHA, 2020; WHO, 2020; World Health Organization, 2020).
Recommended changes to the physical environment include reduced or physical spaced seating,
touch free technology (doors, toilets, sinks, light fixtures), “in” and “out” paths, floor markings
and signage, education displays and posters, hand sanitizing stations, and physical barriers and
plastic partitions (AIHA, 2020; BOMA, 2020; CDC, 2020a; Dietz et al., 2020; OSHA, 2020).
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Museums serve as an interesting case study for the intersection of built environment and
public health. In the sense of public health, museums offer multiple purposes: education, social
activity, therapeutic programming, and/or general enjoyment. Museums are also making
significant contributions in many health and wellness realms, including mental health support,
disease prevention, health literacy, Alzheimer’s and dementia, hospital outreach, military and
veteran health, autism spectrum disorder, and more (AMA, 2019). Museums have proven to be
positive and effective outlets for improving individual and societal health. In the sense of
architecture, modernist conventions have been reproduced in museums and public spaces, with
white walls and surfaces, an emphasis on the visual impression of hygiene, and smooth, easy to
clean surfaces and facades. The legacy of this history is that today, visual cleanliness is crucial for
visitors to feel safe and comfortable.

Aims and Hypotheses
In the current context of COVID-19, there is research needed to identify visitor concerns
in regard to the reopening of museum spaces in a post-COVID-19 context. New research can
result in design recommendations that not only reassure museum visitors psychologically, but
also reinforce actual conditions of safety from a public health perspective. Further, there is
increasing research exploring how different diverse and intersecting identities based on race,
gender, ability/disability, sexual orientation, and age interact with space to influence an
individual’s inclusiveness and comfort in a space (Evans, 2003). This is particularly salient in the
context of COVID-19 which has shown large health inequities and increased risk for certain
vulnerable subgroups (e.g., older individuals, individuals of color) (Azar et al., 2020; CDC, 2020b,
2020d, 2020e, 2020c; Hooper et al., 2020; OBHE, 2020).
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The primary aims of this thesis are:
1. To determine whether there are differences in concerns of physical distancing and
physical touch between each of the seven spaces (Entry, Front Desk, Atriums, Seating,
Bathrooms, Circulation, and the Panorama) within the Museum, respectively.
2. To determine whether COVID-19-related knowledge, COVID-19-related worry, COVID-19
diagnosis, and demographics predict whether respondents have returned to the Museum
since its post-COVID-19 reopening in September 2020.
3. To determine whether COVID-19-related knowledge, COVID-19-related worry, COVID-19
diagnosis, and demographics predict concerns of physical distancing and physical touch,
respectively.
4. To qualitatively assess the experiences of visitors with regard to the built environment
and COVID-19.
The primary hypotheses are:
1. Perceptions of physical distancing and physical touch are different across the seven
spaces (Entry, Front Desk, Upper and Lower Atrium, Seating, Bathrooms, Circulation, and
the Panorama) of the Museum.
2. Less COVID-19-related knowledge, less COVID-19 worry, presence of COVID-19 diagnosis,
and demographics predict respondents’ return to the Museum post-COVID-19 reopening.
3. Less COVID-19-related knowledge, less COVID-19 worry, presence of COVID-19 diagnosis,
and demographics predict respondents’ concerns of physical distancing and physical
touch, respectively.
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Methods
A cross-sectional study design was used to assess end-users’ perception of COVID-19
safety in the built environment of museums. The study consists of two components: 1) conduct
of a survey; and 2) qualitative assessments on explanations for COVID-19-related concerns.
Participants were asked to complete a set of questions on their comfort in different spaces within
the Museum, particularly with regard to proximity to other visitors and degree of physical touch
with the space. Participants also completed a set of demographic questions including age, race
and ethnic identity, gender identity, educational attainment level, primary or preferred language,
and ability/disability status. Further, participants completed a set of questions related to
perceptions and knowledge related to COVID-19, as well as COVID-19 diagnosis. The study was
approved by the Institutional Review Board at Yale University.

Data Collection
All individuals on the Queens Museum mailing lists were be eligible and invited to partake
in the study. Participants were recruited through informational flyers with the QR code to the
Qualtrics survey located at the entry and exit to the Museum, as well as electronically through
the Queens Museum newsletter. A link to the Qualtrics survey was provided within the email
newsletter. The survey was launched on January 16, 2021 and closed on February 09, 2021. Upon
completion of the survey, participants were given the option to opt into a lottery-based incentive
raffle of a $25 gift card.
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Data Cleaning and Preparation
191 individuals initiated the survey and 129 were included in analysis. Participants who
had completed less than 50% of the survey were removed from analysis.

Variables
Demographic Characteristics
Participants were asked a series of multiple-choice demographic questions.
Demographics of interest included gender identity, race and ethnicity, level of educational
attainment, age, ability status, and language. Responses were placed into final condensed
categories based on frequencies.
Gender
Response categories for gender included 1) Male, 2) Female, 3) Trans person, 4) Nonbinary/third gender, 5) Prefer to self-describe, and 6) Prefer not to say. Response options were
available as check all that apply. Final categories of gender identity were male, female, and
gender minority (e.g., transgender or non-binary/third gender).
Race and Ethnicity
Response categories for race and ethnicity included 1) White, 2) Black or African
American, 3) Asian, 4) Native American/American Indian or Alaska Native, 5) Middle Eastern or
North African, 6) Native Hawaiian or Pacific Islander, 7) Hispanic, Latinx, or Spanish Origin, 8)
Other race or ethnic group, 9) Prefer not to say. Response options were available as check all that
apply. Final categories of race and ethnicity were White, Asian, and Black, Indigenous, or Person
of Color (BIPOC; includes those identifying as Black or African American, Native
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American/American Indian or Alaska Native, Middle Eastern or North African, Native Hawaiian or
Pacific Islander, Hispanic, Latinx, or Spanish Origin).
Educational Attainment
Response categories for educational attainment included 1) Elementary or middle school,
2) Some high school, 3) High school graduate/GED/TASC, 4)

Some college, 5)

Trade/technical/vocational training, 6) College graduate, 7) Some post-graduate work, 8) Postgraduate degree. Final categories of education attainment were those with a high school degree
or less (additionally includes those who completed some college or completed trade, technical,
or vocational training), a college degree (additionally includes those with some post-graduate
work), and a post-graduate degree.
Age
Response categories for age included 1) 18-29 years old, 2) 30-49 years old, 3) 50-64 years
old, and 4) over 65 years old. The final categories were the same as the response categories.
Ability Status
Response categories for ability status included 1) Individual who is blind or limited-vision,
2) Individual who is deaf or hard-of-hearing, 3) A wheelchair user or individual with a physical
disability, 4) An individual with a developmental or intellectual disability, 5) An individual with a
mental health disorder (such as anxiety, depression), an individual with a long-term medical or
chronic illness (such as epilepsy, cystic fibrosis), 7) An individual with a temporary disability due
to illness or injury (such as a broken ankle, surgery), 8) An individual with a disability not listed
above, 9) I do not identify with a disability. Response options were available as check all that
apply. Ability status was subsequently treated as a binary variable: final categories were disability
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present (includes those who are blind or low vision, deaf or hard-of-hearing, wheelchair users or
those with a physical disability, those with an intellectual or developmental disability, and those
with a mental health disability) and no disability present.
Language
Participants were asked for their primary or preferred language. Response options
included 1) English, 2) Spanish, 3) Mandarin, 4) Arabic, 5) Bengali, 6) Korean, 7) Other language
not listed. Final categories were English and other language (includes Spanish, Mandarin, Arabic,
Bengali, Korean, and other languages not otherwise specified).
Concern of Physical Distancing and Physical Touch
Participants were asked about their concern for physical distancing through their level of
concern for distance from other people within each space. They were additionally asked about
concern for physical touch through their level of concern for the number of things that require
touch within each space. Spaces of the Museum included the entry, the front desk/reception, the
atriums, seating, bathrooms, circulation (i.e., hallways, elevators, staircases), and the Panorama
(the Museum’s most popular exhibit). Participants were provided with a five-point Likert scale
ranging from “not at all concerned” to “extremely concerned”. Higher scores indicate more
concern. Missing values were replaced based on respective average response score.
Return to the Museum
Participants were asked a yes or no question about whether they had returned to the
Museum since its reopening in September 2020. Final variable categories were “Yes” and “No”.
COVID-19 Knowledge
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Knowledge of COVID-19 was measured through participant’s knowledge of COVID-19
symptoms. Participants were provided with a list of 22 symptoms and asked whether or not they
are main symptoms of COVID-19 with a yes or no question. The symptoms list was pulled from
the Johns Hopkins Community Survey and symptoms were verified through the Centers for
Disease Control and Prevention (CDC) COVID-19 website (Bloomberg School of Public Health,
2020; CDC, 2021). A “point” was awarded to each correct answer given. Points were summed to
determine level of COVID-19 knowledge. COVID-19 knowledge was used as a continuous variable.
Higher scores indicate more knowledge.
COVID-19 Worry
To assess perceptions of COVID-19, participants were asked how concerned they were
about contracting COVID-19. Participants were provided with a five-point Likert scale ranging
from not at all concerned to extremely concerned. This variable was named COVID-19 worry and
was used as a continuous variable.
COVID-19 Diagnosis
Participants were asked whether they had contracted COVID-19. Response options
included “Yes”, “No”, and “Unsure”. Final categories were “Yes”, “No”, and “Unsure”.

Data Analysis
Aim 1. Concerns of Physical Distancing and Physical Touch Between Spaces
Quantitative analyses were conducted using SAS 9.4. A within subjects, repeated
measures ANOVA was conducted to compare the concerns of physical distancing and physical
touch between the seven spaces (Entry, Front Desk, Atriums, Seating, Bathrooms, Circulation,
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and the Panorama) within the Museum, respectively. Further, architectural renderings of the
space to reflect concerns for physical distancing and touch were created.
Aim 2. Post-COVID-19 Return to the Museum
A multivariate Poisson regression was used to determine how demographics, COVID-19
knowledge, COVID-19 worry, and COVID-19 diagnosis were associated with not returning to the
Museum since its reopening in September 2020. As a majority of participants had returned, not
returning to the Museum served as the outcome variable. Variables of interest included age,
gender, race/ethnicity, educational attainment, primary or preferred language, ability status,
COVID-19 knowledge, COVID-19 worry, and COVID-19 diagnosis.
Aim 3. Factors Influencing Concern of Physical Distancing and Physical Touch
A multivariate generalized estimating equation model was applied to understand the
impact of demographics, COVID-19 knowledge, COVID-19 worry, and COVID-19 diagnosis on the
concerns of physical distancing and physical touch within each of the seven spaces (Entry, Front
Desk, Atriums, Seating, Bathrooms, Circulation, and the Panorama) of the Museum. Variables of
interest included age, gender, race/ethnicity, educational attainment, primary or preferred
language, ability status, COVID-19 knowledge, COVID-19 concern, and COVID-19 diagnosis.
Aim 4. Qualitative Assessment
Qualitative data was entered into NVivo for analysis. Codes were generated using a
grounded theory framework. Qualitative themes were triangulated with quantitative findings to
understand the context of factors affecting COVID-19 safety perceptions of the spaces.
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Results
Participant Characteristics
The final sample included 129 respondents. The sample was evenly split between males
(47%) and females (47%), with approximately 4% of respondents identifying as a gender minority.
The sample was predominately White (63%) and Asian (17%), as well as English as the primary or
preferred language (95%). 47% of respondents were in the 30-49 age range. Additionally, a
majority of the sample were college graduates (62%). Finally, a minority of respondents identified
with a disability (13%). The mean COVID-19 knowledge score was 14.72 ± 4.02, with a maximum
possible score of 25. The mean COVID-19 worry score was 2.85 ± 1.10, with a maximum possible
score of 5. Of the sample, 11% had contracted COVID-19, while approximately 5% were unsure if
they had or not. A summary of participant characteristics is presented in Table 1.

Aim 1: Concerns of Physical Distancing and Physical Touch Between Spaces
A repeated measures ANOVA determined significant difference in concerns of physical
distancing between the seven spaces (p < 0.001). The panorama had the highest mean score for
concern (M = 2.05 ± 1.18), while the atriums had the lowest mean score for concern (M = 1.37 ±
0.78). Similarly, a repeated measures ANOVA determined a marginally significant difference in
concerns of physical touch between the seven spaces (p = 0.053). Bathrooms had the highest
mean score for concern (M = 1.67 ± 0.99), while the atriums had the lowest mean score for
concern (M = 1.36 ± 0.84). A summary of Aim 1 data is provided in Table 2. A floor plan of the
Museum is provided in Figure 1. Visual representations of physical distancing and physical touch
concerns are provided in Figures 2 and 3, respectively.
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Aim 2: Post-COVID-19 Return to the Museum
For age, the 30-49-year-old group had the largest percentage for those who did not return
to the Museum (13%). Additionally, White individuals (13%) and those with other language as
their primary language (17%) had the highest percentages among their categories, respectively.
Gender minority individuals had the highest percentage between the gender categories (20%).
Those identifying with a disability (18%) had a higher percentage for not returning to the Museum
than those without a disability. The variable educational attainment was excluded from analysis
as “high school degree or less” (reference group) had no participants return to the Museum postCOVID-19 reopening. Knowledge was significantly associated with return to the Museum in both
unadjusted (0.28, CI: 0.03, 0.52) and adjusted models (0.37, CI: 0.03, 0.71), respectively. A
summary of Aim 2 data is provided in Table 3.

Aim 3: Factors Influencing Concerns of Physical Distancing and Physical Touch
A summary of Aim 3 data is provided in Tables 4a and 4b. In the full model, those with
high COVID-19 worry (0.22, CI: 0.09; 0.36; p <0.001) and those who identified as BIPOC (-0.35, CI:
-0.68; -0.22; p < 0.05) were significantly associated with concern of physical distancing. These
results were consistent for concern of physical touch: COVID-19 worry was significantly
associated (0.24, CI: 0.09, 0.39; p < 0.001) and those who identified as BIPOC was marginally
significantly associated (-0.28, CI: -0.58; 0.03; p = 0.072) with concern of physical touch.

Aim 4: Qualitative Assessment
For open-ended questions, visitors were asked “How could [space name] be changed to
be more comfortable in terms of decreasing COVID-19 risk?”. As such, themes generally relate
to suggestions participants provided to make visits feel safer and decrease concern for COVID-
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19. Themes are categorized by which concern they relate: 1) physical distancing, 2) physical, or
3) general COVID-19 concern. Themes and representative quotes are provided in Table 5.
Physical Distancing
Themes related to physical distancing include 1) directions, 2) visitor “flow”, 3) spacing
and blocked off features, 4) timed entry and occupancy limits, and 5) staff monitoring.
Participants expressed confusion with regard to flow and distancing, especially within the entry,
front desk, circulation areas, and the panorama. Directions to reduce confusion and increase
visitor comfort include floor markings for distancing and flow, as well as signage with flow
instructions: “Are there traffic flow signs? Can we encourage people to walk through the space
in specific patterns to avoid cross walking or clumping? Arrows on the floor, ‘velvet’ ropes or
other progress suggestions so people are constantly entering and exiting in the same flow
would be helpful.” Participants additionally expressed desire for blocked off seating to
encourage 6-foot distancing, as well as blocking off every other stall and urinal. Finally, it was
evident that the panorama was vulnerable to bottle necking and high visitor density. To
manage this, participants asked for timed entry and occupancy limits on the space. They
additionally requested occupancy limits on other areas of the Museum, particularly other
exhibits and the elevator: “Clarity on ideal capacity in elevators and direction to
stairs/encouragement of stairs.” To enforce the above suggestions, participants desired greater
staff presence and monitoring in areas of high visitor density and touch, particularly the
panorama, circulation areas, and the front desk: “Have more staff monitoring distance
maintained between different groups of people and also directing the flow of people.”
Physical Touch
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Themes related to physical touch include 1) sanitizer stations, 2) print to electronic
materials, and 3) automatic doors. Participants expressed desire for ample hand sanitizer
stations located through the Museum. Areas in particular include the entry, the front desk, the
atriums, the elevator and stairs, and the panorama. At the front desk, participants additionally
expressed a desire to move from printed materials to electronic materials, when possible:
“Instead of having the Museum brochures as normally able to be taken, create a QR code so
people can scan with their phone. Hand brochures to people who request it, so that multiple
people aren't touching the brochure holder.” Finally, the most salient theme with regard to
physical touch was a desire for automatic doors with designated entry and exit flows.
General COVID-19 Concern
In general, participants desired informational materials related to COVID-19 to be
available in the Museum. In particular, participants suggested signage with regard to cleaning
protocols, air quality monitoring within the Museum, and cleaning schedules: “Signs about how
the Museum is monitoring air quality through use of CO2 monitors and how often the air in the
space was being changed each hour. There were signs about cleaning surfaces, but the main
transmission factor is air.” Areas of greatest desire for this information included the entry, the
front desk, the atriums, the bathrooms, and the panorama. Additionally, of note, participants
did not explicitly ask for COVID-19 educational materials or signage.

Discussion
This study emerged through a partnership between public health researchers and
architects. As such, it is important to discuss both the study design and its findings within this
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interdisciplinary perspective. This research study considers users’ perceptions of hygiene and
cleanliness, rather than objective, scientific-based health protocols for the built environment.
Architectural critics and historians have pointed out that architecture offers a perception of
hygiene through aesthetic appearances, such as white and seemingly easy to clean surfaces, as
opposed to scientifically proven hygiene. Victoria Rosner discussed this design paradox in her
book, ‘Machines for Living’. Since germs, the source of infection, are not visible to the naked
eye – designers must create a visible appearance of hygiene, rather than actual sanitary-based
conditions (Rosner, 2020). Ultimately, we must ask – do the aesthetics of hygiene matter if it
does not tangibly contribute to the safety of users?
Evidently, the aesthetics of hygiene may play a bigger role than believed. This research
study showcases how users perceptions of the hygiene of the environment may impact a users’
experience. Additionally, there is growing literature in the service industry showing that
perceptions of cleanliness are positively associated with customer satisfaction, feelings of
safety, and intention to return (Barber & Scarcelli, 2010; Moon et al., 2017; Pizam & Tasci,
2019; Vos & Hagen, 2019; Wakefield & Blodgett, 1996). This research has carried over into the
healthcare literature, as well (Whatley et al., 2012; Whitehead et al., 2007).

Implications
As we move into a post-COVID-19 area, architects and public health professionals must
work and collaborate to increase actual safety, as well as perceived safety, within the built
environment. The aesthetics of hygiene can, and should, be incorporated into public health
design protocols. Important considerations for architects include the flow of the space and
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circulation areas, clear and organized queuing areas, visible space for signage and guidance,
and strategies for reducing dense crowds or bottlenecking.
This research additionally showcases the importance in obtaining user feedback with
regard to perceived safety for the architecture field. Perceptions rooted in appearances should
be valued because they have a tangible impact on a user’s experience and may reduce the
anxiety of those fearful of moving within public spaces again. However, as architectural
historians have noted, it is critical to not appropriate scientific language and rhetoric if
architectural choices are not actually based within the science. It must be clear that certain
aspects of aesthetic hygiene are merely that – aesthetic. Aesthetic and actual hygiene from
architectural both serve important purposes, but those purposes should be delineated from
one another, and whenever possible synergistic.

Limitations
The study design has multiple limitations. The variables COVID-19 knowledge and
COVID-19 worry are merely proxies and only assess a subset of knowledge and worry with
regard to COVID-19. These variables were additionally assessed at, arguably, the “mid-point” of
the COVID-19 pandemic. These are particularly fluid variables within the lens of the pandemic.
Assessment of COVID-19 knowledge and worry is likely to differ between time periods of the
pandemic. Additionally, COVID-19 diagnosis was self-report. The data in this study is likely an
underestimation of COVID-19 cases, as access to testing has been limited throughout the
pandemic and individuals may have been asymptomatic and unaware of infection. Finally, the
survey did not include questions with regard to behavioral actions and factors that can impact
COVID-19 safety and concern, such as staff mask-wearing. Another limitation is that the sample
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tended to be White, identified English as their primary language, had higher educational
attainment, and did not identify with any disabilities. This has implications for the
generalizability of the study findings. Additionally, the source population were individuals
subscribed to the Museum newsletter or those who had visited the Museum. These individuals
may not be representative of the general population.
Finally, the sample skewed heavily towards those who had returned to the Museum,
likely due to the in-person survey launch, as well as the flyer and QR code display at the exit
from the Museum. The demographic composition may have impacted the accuracy and
usefulness of Aim 2: participants’ return to the Museum post-COVID-19 reopening. This may
additionally spillover into distancing and touch concern scores. As the sample was heavily
composed of those who had already returned, these individuals may have overall lower COVID19 concerns than those who had stayed home.

Conclusion
In a COVID-19 and post-COVID-19 world, there is evidence of a growing importance of
the built environment and its role within public health. Ideally, the built environment should
both objectively contribute to health safety and subjectively increase comfort and perceptions
of safety for all individuals. As such, it is vital to understand user perception at the intersection
of architecture and public health.
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Tables
Table 1. Demographics characteristics of the full study sample. a
Full Sample
(n = 129) b
Age
18-29 years old
30-49 years old
50-64 years old
65+ years old
Gender
Male
Female
Gender Minority
Race and Ethnicity
White
Asian
Black, Indigenous, or Person of Color
Educational Attainment
High school degree or less
College degree
Post-graduate degree
Language
English
Other language
Ability Status
Disability present
No disability present
COVID-19 Diagnosis
No
Yes
Unsure
COVID-19 Knowledge
COVID-19 Worry

36 (27.9)
61 (47.3)
19 (14.7)
13 (10.1)
57 (47.9)
57 (47.9)
5 (4.2)
72 (63.2)
19 (16.7)
23 (20.2)
11 (8.6)
79 (61.7)
38 (30.0)
123 (95.4)
6 (4.7)
16 (13.0)
112 (88.0)
109 (84.5)
14 (11.0)
6 (4.7)

14.72 ± 4.02
2.85 ± 1.10

a Table

values are n (column %) for categorical variables and M ± SD for continuous variables.
Numbers may not sum due to the option to select multiple answers and missing data. Percentages may not
sum to 100% due to rounding.
b
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Table 2. Repeated measures ANOVA comparing concerns of physical distancing and physical
touch between Museum spaces.
Entry

Front Desk

Atriums

Seating

Bathrooms

Circulation

Panorama

Variable

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

M

SD

F

Distance

1.48

0.94

1.48

0.93

1.37

0.78

1.56

1.04

1.49

0.85

1.48

0.95

2.05

1.18

6.85

Touch

1.64

1.00

1.40

0.91

1.36

0.84

1.41

0.94

1.67

0.99

1.48

0.94

1.45

0.92

2.09

*p<0.05, **p<0.01, ***p<0.001
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p
<0.001
***
0.053*

Table 3. Multivariable associations between study variables and not returning to the Museum
post-reopening.
Characteristic
Age
18-29 years old
30-49 years old
50-64 years old
65+ years old
Gender
Male
Female
Gender Minority
Race and Ethnicity
White
Asian
Black, Indigenous, or
Person of Color
Educational Attainment
High school degree or less
College degree
Post-graduate degree
Language
English
Other language
Ability Status
No disability present
Disability present
COVID-19 Diagnosis
No
Yes
Unsure
COVID-19 Knowledge
COVID-19 Worry
a

Na

n (%) Did Not
Return PostReopening

Unadjusted OR
(95%)

Adjusted OR
(95% CI) b

36
60
19
13

4 (11.1)
8 (13.3)
1 (5.3)
1 (7.7)

1.00
0.18 (-1.02, 1.38)
-0.75 (-2.93, 1.44)
-0.37 (-2.56, 1.82)

1.00
-0.75 (-2.19, 0.68)
-1.10 (-3.44, 1.23)
-1.26 (-3.59, 1.07)

57
56
5

8 (14.0)
5 (8.9)
1 (20.0)

1.00
-0.45 (-1.57, -0.67)
0.35 (-1.72, 2.43)

1.00
-0.53 (-1.84, 0.78)
-0.30 (-2.56, 1.95)

71
19
23

9 (12.7)
1 (5.3)
2 (8.7)

1.00
-0.88 (-2.95, 1.19)
-0.38 (-1.91, 1.16)

1.00
-1.23 (-3.49, 1.03)
-0.29 (-1.89, 1.30)

11
78
38

0 (0.0)
8 (10.3)
6 (15.8)

1.00
---

1.00
---

122
6

13 (10.7)
1 (16.7)

1.00
0.45 (-1.59, 2.48)

1.00
0.82 (-1.43, 3.06)

111
16

11 (9.9)
3 (18.8)

1.00
0.64 (-0.64, 1.91)

1.00
0.42 (-1.05, 1.89)

108
14
6
127
128

13 (12.0)
0 (0.0)
1 (16.7)
---

1.00
--0.28 (0.03, 0.52)
-0.12 (-0.60, 0.36)*

1.00
--0.37 (0.03, 0.71)
-0.08 (-0.58, 0.42)*

Numbers may not sum to total due to missing data.
the fully adjusted model, n = 107.

b For

*p<.05
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Table 4a. Generalized estimating equation model predicting concern of physical distancing
within the Museum.
Characteristic
Beta (SE)
Age
18-29 years old
30-49 years old

Full Model
(n = 746)
95% CI

p

Reduced Model
(n = 787)
Beta (SE)
95% CI

p

Reference
-0.009 (0.21)

---0.43; 0.41

--0.967

-----

-----

-----

50-64 years old
65+ years old
Gender
Male
Female
Gender Minority
Race and Ethnicity
White
Asian

-0.012 (0.24)
0.079 (0.39)

-0.48; 0.45
-0.69; 0.85

0.959
0.839

-----

-----

-----

Reference
-0.002 (0.13)
0.400 (0.32)

---0.25; 0.25
-0.22; 1.02

--0.986
0.204

-------

-------

-------

Reference
0.107 (0.24)

---0.36; 0.57

--0.653

---0.42; 0.51

--0.848

Black, Indigenous, or
Person of Color
Educational Attainment
High school degree or less
College degree
Post-graduate degree
Language
English
Other language
Ability Status
No disability present
Disability present
COVID-19 Diagnosis
No
Yes
Unsure
COVID-19 Knowledge
COVID-19 Worry

-0.350 (0.17)

-0.68; -0.22

0.036*

Reference
-0.046
(0.24)
-0.267
(0.15)

-0.57; 0.03

0.081

Reference
-0.611 (0.51)
-0.369 (0.53)

---1.60; 0.38
-1.40; 0.66

--0.228
0.483

-------

-------

-------

Reference
0.214 (0.47)

---0.71; 1.13

--0.649

-----

-----

-----

Reference
0.181 (0.28)

---0.37; 0.73

--0.521

-----

-----

-----

Reference
-0.058 (0.27)
-0.183 (0.23)
-0.005 (0.02)
0.224 (0.07)

---0.58; 0.47
-0.63; 0.26
-0.05; 0.04
0.09; 0.36

--0.828
0.421
0.803
<0.001
***

--------0.253 (0.07)

--------0.12; 0.39

--------<0.001
***

*p<0.05, **p<0.01, ***p<0.001
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Table 4b. Generalized estimating equation model predicting concern of physical touch within
the Museum.
Characteristic
Beta (SE)
Age
18-29 years old
30-49 years old
50-64 years old
65+ years old
Gender
Male
Female
Gender Minority
Race and Ethnicity
White
Asian
Black, Indigenous, or
Person of Color
Educational Attainment
High school degree or less
College degree
Post-graduate degree
Language
English
Other language
Ability Status
No disability present
Disability present
COVID-19 Diagnosis
No
Yes
Unsure
COVID-19 Knowledge
COVID-19 Worry

Full Model
(n = 747)
95% CI

p

Reduced Model
(n = 788)
Beta (SE)
95% CI

p

Reference
0.062 (0.21)
0.046 (0.21)
0.415 (0.42)

---0.34; 0.47
-0.37; 0.46
-0.65; 0.98

--0.765
0.828
0.695

---------

---------

---------

Reference
0.074 (0.14)
0.019 (0.30)

---0.19; 0.34
-0.57; 0.61

--0.587
0.949

-------

-------

-------

Reference
0.198 (0.21)
-0.278 (0.15)

---0.21; 0.61
-0.58; 0.03

--0.339
0.072

Reference
0.171 (0.21)
-0.188 (0.15)

---0.25; 0.59
-0.48; 0.10

--0.424
0.201

Reference
-0.484 (0.50)
-0.425 (0.53)

---1.47; 0.50
-1.46; 0.61

--0.334
0.422

-------

-------

-------

Reference
0.383 (0.44)

---0.48; 1.24

--0.383

-----

-----

-----

Reference
0.106 (0.32)

---0.51; 0.73

--0.738

-----

-----

-----

Reference
-0.013 (0.27)
-0.182 (0.21)
0.014 (0.02)
0.239 (0.07)

---0.54; 0.51
-0.59; 0.23
-0.02; 0.05
0.09; 0.39

--0.961
0.381
0.421
0.001***

--------0.256 (0.08)

--------0.10; 0.40

--------0.001***

*p<0.05, **p<0.01, ***p<0.001
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Table 5. Qualitative themes and representative quotes.
Theme
Directions
(Physical Distancing)

Quote
“Are there traffic flow signs? Can we encourage people to
walk through the space in specific patterns to avoid cross
walking or clumping? Arrows on the floor, ‘velvet’ ropes or
other progress suggestions so people are constantly entering
and exiting in the same flow would be helpful.”
“Perhaps include directional signals where to line up, rather
than proceeding directly to the desk. Also include directional
floor markers noting 6 feet apart.”
“Maybe have a sign near spaces that tend to have higher
number of people. Have it say something along the lines of
‘one group at a time’ or something, so people don't just
dwell in one area for extended periods of time.”

Flow
(Physical Distancing)

Blocking and Spacing
(Physical Distancing)

Sanitizer Stations
(Physical Touch)
Print to Electronic
(Physical Touch)

“Clarity on ideal capacity in elevators and direction to
stairs/encouragement of stairs.”
“Some visitors were not practicing social distancing and
would walk past other visitors in the opposite direction.
Perhaps add signage to ask visitors to move around the
space in one direction. There are dotted arrows on the glass
but these are not easily visible.”
“I think it would be easier to distance if visitors were
required to walk through in one direction, rather than
walking both ways while holding onto the railing and leaning
over to see and then having to walk around others (or try
to).”
“Fine - bathrooms are narrow. Some stalls should probably
be blocked off.”
I think the benches should be spaced out.”
“Hand sanitizer stations at the entrance to all exhibits and
the panorama.”
“Instead of having the museum brochures as normally able
to be taken, create a QR code so people can scan with their
phone. Hand brochures to people who request it, so that
multiple people aren't touching the brochure holder.”
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Automatic Doors
(Physical Touch)
Staff Monitoring
(General)

Information
(General)

“Or have less of papers to sign. I felt like I was standing in the
front desk area for an extended amount of time to sign
papers. So maybe before entering the museum, have visitors
e-sign.”
“Doors can close and open automatically with designated
exits and entries.”
“There we idiots not wearing masks until I gave them dirty
looks. They should have been thrown out by the staff.”
“Have more staff monitoring distance maintained between
different groups of people and also directing the flow of
people.”
“Signs about how the museum is monitoring air quality
through use of CO2 monitors and how often the air in the
space was being changed each hour. There were signs about
cleaning surfaces, but the main transmission factor is air.”
“Are the rails cleaned routinely? If so, maybe have a sign up
that says when the rails are cleaned.”
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Figures
Figure 1. Museum floor plan.
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Figure 2a. Visual representation of physical distancing concerns. Each ring represents two
individuals expressing concern for physical distancing.

Key: Purple – Entry, Yellow – Front Desk, Orange – Atriums, Light Blue – Seating, Green – Bathrooms, Red –
Circulation, Dark Blue – Panorama

Figure 2b. Visual representation of physical touch concerns. Each ring represents two
individuals expressing concern for physical touch.

Key: Purple – Entry, Yellow – Front Desk, Orange – Atriums, Light Blue – Seating, Green – Bathrooms, Red –
Circulation, Dark Blue – Panorama
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Figure 3. Visual representation of qualitative themes and findings.
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